
https://doi.org/10.1177/1759720X20982837 
https://doi.org/10.1177/1759720X20982837

Ther Adv Musculoskel Dis

2020, Vol. 12: 1–15

DOI: 10.1177/ 
1759720X20982837

© The Author(s), 2020.  
Article reuse guidelines:  
sagepub.com/journals-
permissions

Therapeutic Advances in Musculoskeletal Disease

journals.sagepub.com/home/tab 1

Special Collection

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License  
(https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission 
provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Extra-articular manifestations and  
comorbidities in spondyloarthritis

Introduction
Spondyloarthritis (SpA) is a group of chronic 
inflammatory disorders that present different but 

related phenotypes including ankylosing spondy-
litis (AS) [currently known as radiographic axial 
spondyloarthritis (r-axSpA)], psoriatic arthritis 
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Abstract
Aims: To evaluate the association of estimated cardiovascular (CV) risk and subclinical 
atherosclerosis with radiographic structural damage in patients with axial spondyloarthritis 
(axSpA).
Methods: Cross-sectional study including 114 patients axSpA from the SpA registry of Córdoba 
(CASTRO) and 132 age- and sex-matched healthy controls (HCs). Disease activity and the 
presence of traditional CV risk factors were recorded. The presence of atherosclerotic plaques 
and carotid intima media thickness (cIMT) were evaluated through carotid ultrasound and the 
SCORE index was calculated. Radiographic damage was measured though modified Stoke 
Ankylosing Spondylitis Spinal Score (mSASSS). The association between mSASSS and SCORE 
was tested using generalized linear models (GLM), and an age-adjusted cluster analysis was 
performed to identify different phenotypes dependent on the subclinical CV risk.
Results: Increased traditional CV risk factors, SCORE, and the presence of carotid plaques 
were found in axSpA patients compared with HCs. The presence of atherosclerotic plaques 
and SCORE were associated with radiographic structural damage. The GLM showed that 
the total mSASSS was associated independently with the SCORE [β coefficient 0.24; 95% 
confidence interval (CI) 0.10–0.38] adjusted for disease duration, age, tobacco, C-reactive 
protein, and non-steroidal anti-inflammatory drugs (NSAID) intake. Hard cluster analysis 
identified two phenotypes of patients. Patients from cluster 1, characterized by the presence 
of plaques and increased cIMT, had a higher prevalence of CV risk factors and SCORE, and 
more structural damage than cluster two patients.
Conclusion: Radiographic structural damage is associated closely with increased estimated 
CV risk: higher SCORE levels in axSpA patients were found to be associated independently 
with mSASSS after adjusting for age, disease duration, CRP, tobacco and NSAID intake.
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(PsA), arthritis related to inflammatory bowel 
disease, reactive arthritis, and a subgroup of juve-
nile idiopathic arthritis.1 According to the pre-
dominant manifestations, spondyloarthritis can 
also be classified as axial SpA (axSpA) or periph-
eral SpA.2,3

The prevalence rate of axSpA in the population 
varies between 0.1% and 1.4%.4 This disease is 
related to the presence of some comorbidities, 
being most common in patients with osteoporosis 
or low bone mineral density, which is related 
directly to ankylosis, immobilization, and inflam-
mation,5 and cardiovascular (CV) involvement, 
especially atherosclerosis.6 The CV burden in 
inflammatory rheumatic diseases has been well 
described,7 and recommendations have been 
developed advising the use of antihypertensives 
and statins in compliance with national guidelines. 
Regarding non-steroidal anti-inflammatory drugs 
(NSAIDs) and biologics, the recommendation is 
to be cautious in certain patients with CV disease.8 
Recently, this CV burden has been highlighted in 
the context of axSpA, with most studies agreeing 
on the presence of a higher risk in subjects with 
r-axSpA than in the general population.9,10 CV 
risk factors and subclinical atherosclerosis are 
found more frequently in patients with axSpA. In 
addition, it has been suggested that CV risk asso-
ciated with PsA and r-axSpA could be underesti-
mated despite the use of guideline-recommended 
risk scores.11

The progression of structural damage in r-axSpA 
patients is unpredictable and has been described 
in early as well as in very advanced older patients.12 
This spine damage is most prevalent and severe in 
patients with longstanding r-axSpA, although the 
relative contribution of radiographic damage to 
functional limitations decreases in patients with a 
longer duration of disease.13

The presence of elevated C-reactive protein (CRP) 
at diagnosis and during disease evolution is a tradi-
tional risk factor for radiographic progression, 
together with male sex, positive HLA B27, pres-
ence of radiographic damage at baseline (especially 
syndesmophytes), smoking, mechanical stress, 
obesity, Ankylosing Spondylitis Disease Activity 
Score (ASDAS), Bath Ankylosing Spondylitis 
Disease Activity Index (BASDAI), and bone mar-
row oedema (BME) on magnetic resonance imag-
ing (MRI).14–17

The impact of elevated CRP on traditional CV risk 
factors, and thus on an increased CV risk and CV 
mortality, has been demonstrated,18,19 and studies 
have shown that CRP concentration is associated 
with an initial absence of vascular disease and risk 
of coronary heart disease, ischaemic stroke, and 
deaths from vascular and non-vascular diseases,20 
as well as with endothelial dysfunction.21 Treating 
inflammation in patients with r-axSpA and thus 
decreasing CRP levels could lead to a reduction of 
coronary artery disease and atherosclerosis.22

On the other hand, age is an independent and 
major risk factor for CV disease (CVD).23 To 
date, no study has evaluated the contribution of 
structural damage to the increased CV risk and 
presence of subclinical atherosclerosis in axSpA 
patients, regardless of age.

A deeper knowledge about the association 
between the characteristics related to axSpA, 
such as structural damage, with the increased CV 
risk present in these patients is needed to recog-
nize patients at higher risk and establish earlier 
treatment and lifestyle measures to prevent radio-
graphic progression and benefit the patients from 
a CV point of view.

The objective of this study was to evaluate the 
association between the estimated CV risk factors 
and subclinical atherosclerosis with radiographic 
structural damage, independent of age, in a regis-
try of patients with spondyloarthritis (CASTRO).

Methods

Study population and data collection
A total of 114 patients with axSpA according to 
ASAS criteria from the Córdoba Axial Spondy-
loarhritis Task force, Registry and Outcomes 
(CASTRO),2 and 132 age- and sex-matched 
healthy controls (HCs) were selected for this 
cross-sectional study. Patients were recruited 
sequentially from a monographic SpA consult at 
the Rheumatology Department of Reina Sofia 
Hospital in Córdoba, and complete clinical his-
tory, physical examination and biochemical anal-
ysis were performed. CASTRO is composed of 
182 patients, but those with a history of CV 
events (ischaemic heart disease, cerebrovascular 
accident, peripheral arterial disease, or heart fail-
ure) were excluded from this specific study.
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The following data were collected: (1) demo-
graphic variables: sex, age and body mass index 
(BMI); (2) clinical data: disease duration, pres-
ence of HLA-B27, NSAIDs intake, radiographic 
sacroiliitis measured by simple radiography, struc-
tural damage determined by the modified Stoke 
Ankylosing Spondylitis Spinal Score (mSASSS) 
index,24 disease activity measured by erythrocyte 
sedimentation rate (ESR), CRP, BASDAI index, 
ASDAScrp index, extra-articular manifestations 
and comorbidities; and (3) CV risk factors: CV 
risk was determined using the SCORE index.25,26 
Carotid ultrasound was performed by an expert 
radiologist with a Philips Epiq-7 system and a 
5–14 MHz broadband linear transducer using 
B-mode, duplex and color methods. The presence 
of atherosclerotic plaques was assessed and meas-
ured when present. Mean distal common carotid 
intima-media thickness (cIMT) measurement was 
evaluated using standardized criteria.27

For axSpA patients, radiographs of the cervical 
spine, lumbar spine, and sacroiliac joints were 
obtained at the time of CV risk assessment. Lateral 
views of the cervical and lumbar spine were scored 
according to the mSASSS index.28 Sacroiliitis was 
scored from right side and left side pelvic radio-
graphs using the modified New York criteria. 
Sacroiliitis and the mSASSS were scored by two 
rheumatologist trained who were blinded to the 
patient characteristics. The intraclass correlation 
coefficient (ICC) score for agreement between 
readers was 0.997 [95% confidence interval (CI) 
0.996–0.998] (p <0.001) for total mSASSS, 0.991 
(95% CI 0.987–0.994) (p <0.001) for cervical 
mSASSS, and 0.992 (95% CI 0.989–0.995) 
(p <0.001) for lumbar mSASSS. Due to the excel-
lent agreement between both readers, the score 
from the senior reader was used for the analysis.

To measure the persistence of inflammation, 
CRP levels (mg/l) were recorded retrospectively 
once, twice, or three times during the 5 years prior 
to study and in the moment of the study, so at 
least six determinations of CRP levels for each 
patient was available in all axSpA patients. A 
patient was considered to have persistent inflam-
mation in case of increased CRP levels (>10 mg/l) 
in at least 50% of the determinations during the 
previous 5 years, i.e., if four or more of those six 
determinations were elevated.

The study was approved by the Ethics Committee 
at the Reina Sofia University Hospital (Protocol 
code PI-0139-2017), and each participant signed 

an informed consent form to be included in the 
study.

Statistical analysis
Data were collected and analysed using SPSS 
software version 25.0 (SPSS, Inc., Chicago, IL, 
USA). A descriptive study of the variables was 
carried out, calculating absolute and relative fre-
quencies for the qualitative variables and arithme-
tic mean and standard deviation (SD) for the 
quantitative variables. The 95% CI was estimated. 
Independent samples t test and chi-square test 
were used to compare demographic and CV char-
acteristics between the axSpA patients and HCs 
and in cluster groups. The linear relationship 
between the variables was measured by Pearson’s 
linear correlation coefficient in all the groups and 
then in groups based on the median age. Because 
age, disease duration, tobacco, CRP, and NSAIDs 
intake are biologically associated with both the 
structural damage and the CV risk in axSpA 
patients, a generalized linear model (GLM) was 
performed to determine the association between 
mSASSS and SCORE as well as with the presence 
of atheroma plaques by adjusting for these varia-
bles. For the association between mSASSS and 
SCORE, we used a Gaussian GLM since the 
dependent variable was not normal. For the asso-
ciation between mSASSS and atherosclerotic 
plaques, we used a logistic regression since the 
dependent variable was binary (yes/no).

Furthermore, to stablish different phenotypes of 
patients according to the carotid intima media 
thickness (cIMT) and the presence of atheroscle-
rotic plaques, we performed a cluster analysis 
with the hard clustering method, which was 
adjusted for age. All comparisons were bilateral 
considering p ⩽ 0.05 as a significant result.

Results

CV risk in axSpA patients
Among the 114 axSpA patients and the 132 
matched controls, 61.2% were male, with a mean 
age of 44.35 (11.55) years and 92.7% of axSpA 
patients were under NSAIDs. No patient was 
treated with biologic therapy. The demographic 
and clinical characteristics of the study partici-
pants are shown in Table 1.

Regarding characteristics related to CV risk, axSpA 
patients had significantly increased smoking habits, 

https://journals.sagepub.com/home/tab
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Table 1. Demographic and clinical details and characteristics related to cardiovascular risk of axial 
spondyloarthritis patients and healthy controls.

Patients (n = 114) HCs (n = 132) p-value

Age (years) 45.73 (12.15) 43.09 (10.86) 0.077

Sex (males) 77 (67.50) 71 (55.50) 0.054

HLA B27 status (positive) 93 (82.30) 4 (6.70) <0.001*

Family history for SpA 38 (33.60) 2 (11.10)  

Radiographic sacroiliitis 90 (81.10)  

Inflammatory back pain 96 (85.71) 2 (10.50)  

Arthritis 16 (14.10) 0  

Psoriasis 13 (11.40) 0  

BMI (kg/m2) 26.62 (4.25) 20.13 (9.40) <0.001*

Disease duration (years) 19.24 (13.36)  

Global VAS 43.33 (25.19)  

ASDAS-CRP 2.44 (0.93)  

ASAS HI 4.75 (4)  

BASDAI 3.68 (2.13)  

BASFI 2.85 (2.48)  

BASMI 3.10 (1.80)  

CRP (mg/l) 5.75 (7.76) 1.43 (1.72) <0.001*

NSAIDs 102 (92.70) 2 (1.70)  

Biological treatment 0 0  

Total mSASSS 15.26 (17.18)  

Cervical mSASSS 7.27 (9.09)  

Lumbar mSASSS 8.09 (9.38)  

Smoking status 37 (32.7) 12 (14.3) 0.003*

Obesity 23 (20.7) 4 (6.6) 0.015*

Hypertension 21 (18.6) 2 (1.6) <0.001*

Type 2 diabetes 2 (1.8) 0 0.138

Glucose (mg/dl) 83.60 (14.43) 85.98 (13.94) 0.244

Insulin (mU/l) 6.40 (3.99) 8.71 (5.25) 0.005*

Insulin resistance 1.42 (1.09) 1.89 (1.29) 0.008*

Total Cholesterol (mg/dl) 190.02 (31.37) 197.79 (30.64) 0.065

HDL-cholesterol (mg/dl) 55.42 (14.81) 56.74 (14.89) 0.514

LDL-cholesterol (mg/dl) 114.46 (29.7) 121.50 (24.63) 0.058

Triglycerides (mg/dl) 101.10 (60.98) 97.79 (53.24) 0.668

(Continued)
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hypertension, obesity, type 2 diabetes rates, and 
atherogenic risk compared with those of the age- 
and sex-matched control group. No differences 
were found in terms of glucose, total cholesterol, 
HDL-cholesterol, LDL-cholesterol, triglycerides, 
ApoB/ApoA ratio, or uric acid levels (Table 1).

The levels of the systematic coronary risk evalua-
tion (SCORE), which predicts the individual abso-
lute risk for fatal CV events, were higher in the 
axSpA group although it did not reach statistical 
significance. However, when subjects were classi-
fied by low (<10% of suffering a CV event), mod-
erate (10–20%), high (20–30%), and very high risk 
(>30%) depending on the SCORE levels, we 
observed that, among axSpA patients, 70.9% had 
a low CV risk and 29.1% displayed high CVD risk 
(moderate, high, and very high), while 86.4% of 
HCs were classified as low CV risk and 13.6% 
were classified as high CV risk (Table 1).

Association between the estimated CV risk and 
structural damage
In axSpA patients, correlation studies showed 
that SCORE correlated significantly with 

structural damage: total mSASSS (Figure 1A), 
cervical and lumbar mSASSS (Figure 1B and C), 
syndesmophytes (Figure 1D), and bone bridges 
(Figure 1E).

In addition, the presence of atherosclerotic carotid 
plaques was associated with increased total 
mSASSS (Figure 2A), cervical (Figure 2B) and 
lumbar (Figure 2C) mSASSS, syndesmophytes 
(Figure 2D), and bone bridges (Figure 2E).

Correlation analysis was also performed in two 
groups according to the median age (47 years), 
and it was observed that the correlation between 
total mSASSS and SCORE was maintained in 
both groups: in the group with axSpA patients 
aged ⩽47 years old, SCORE significantly corre-
lated with total mSASSS (r = 0.26, p = 0.049) and 
in patients aged >47 years old, SCORE corre-
lated with total mSASSS (r = 0.459, p = 0.002).

Besides, after adjusting for disease duration, 
smoking status, increased CRP levels (at least 
three determinations over the last 5 years), and 
NSAIDs intake, the total mSASSS was associated 
independently with SCORE: 1 point in the total 

Patients (n = 114) HCs (n = 132) p-value

Apo A (mg/dl) 143.09 (21.13) 150.75 (27.33) 0.024*

Apo B (mg/dl) 80.02 (17.56) 89.43 (25.42) 0.002*

Apo B/Apo A risk 0.58 (0.18) 0.61 (0.19) 0.186

Atherogenic risk 12 (17.1) 1 (7.1) 0.685

Uric acid (mg/dl) 5.07 (1.31) 5.06 (1.25) 0.972

Atherosclerotic carotid plaques 16 (16.3) 2 (3.3) 0.011*

Right cIMT (mm) 0.54 (0.12) 0.57 (0.14) 0.326

Left cIMT (mm) 0.56 (0.13) 0.57 (0.09) 0.577

SCORE 0.100

Low risk 73 (70.9) 19 (86.4)  

Moderate, high and very high risk 30 (29.1) 3 (13.6)  

Data are shown as mean (standard deviation) or frequency (percentage).
*Significant differences.
Apo A, apolipoprotein A; Apo B, apolipoprotein B; ASAS HI, Assessment of Spondyloarthritis International Society Health 
Index; ASDAS-CRP, Ankylosing Spondylitis Disease Activity Score-C Reactive Protein; BASDAI, Bath Ankylosing Spondylitis 
Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Functional Index; BASMI, Bath Ankylosing Spondylitis Metrology 
Index; BMI, body mass index; cIMT, carotid intima-media thickness; CRP, C-reactive protein; HCs, healthy controls; 
HDL, high density lipoprotein; LDL, low density lipoprotein; mSASSS, modified Stoke ankylosing spondylitis spinal score; 
NSAIDs, non steroidal antiinflammatory drugs; SpA, spondyloarthritis; VAS, visual analogic scale.

Table 1. (Continued)
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mSASSS increased the SCORE by 0.24 points, 
and it seems that the cervical mSASSS has the 
most influence on the SCORE: 1 point in the cer-
vical mSASSS increases the SCORE by 0.42 
points, these differences being statistically signifi-
cant (Table 2). Total mSASSS is also associated 
significantly with atherosclerotic plaques presence 
after adjusting for disease duration, smoking sta-
tus, CRP, and NSAIDs intake, and 1 point in the 
total mSASSS increases the risk for atheroscle-
rotic plaques 1.05 (1.01–1.12) times (Table 3).

Cluster analysis
Cluster analysis including the presence of carotid 
plaques and right and left cIMT levels as varia-
bles (Figure 3A–C) distinguished two different 
phenotypes of patients according to their CV risk 
factor prevalence. These groups were adjusted for 
age. Carotid ultrasound data were used to stratify 
patients, since according to our previous results, 
SCORE does not totally reflect the presence of 
subclinical atherosclerosis.

Thus, cluster 1 was characterized by a significant 
increase in CV risk compared with that of cluster 

2, showing higher rates of smoking habit, obesity, 
atherogenic index, insulin resistance, and type 2 
diabetes (Figure 3D).

Likewise, cluster 1 had significantly increased lev-
els of SCORE compared with those of cluster 2 
(Figure 4A). Of note, cluster 1, having no differ-
ence in mean age from that of cluster 2, showed 
significantly augmented levels of total mSASSS 
(Figure 4B), cervical mSASSS (Figure 4C), lum-
bar mSASSS (Figure 4D), and the presence of 
bone bridges (Figure 4E).

Thus, patients included in cluster 1 had increased 
levels of SCORE, along with higher levels of right 
cIMT (Figure 4F) and total mSASSS (Figure 4G).

Discussion
Age and tobacco are determining factors in the 
development of CV disease in the general pop-
ulation as well as in the progression of radio-
graphic damage in patients with axSpA.12,23 
Our study shows for the first time, to our 
knowledge, that axSpA patients with more 
structural damage display increased predicted 

Figure 1. Association between SCORE levels and structural damage in axSpA patients. (A) Correlation between SCORE and 
total mSASSS. (B) Correlation between SCORE and cervical mSASSS. (C) Correlation between SCORE and lumbar mSASSS. (D) 
Correlation between SCORE and number of syndesmophytes. (E) Correlation between SCORE and number of bone bridges.
**p <0.01, ***p <0.001, ****p <0.0001.
axSpA, axial spondyloarthritis; mSASSS, modified Stoke ankylosing spondylitis spinal score.
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Figure 2. Presence of atherosclerotic carotid plaques in axSpA patients according to structural damage. 
(A) Total mSASSS in axSpA patients with or without atherosclerotic plaques. (B) Cervical mSASSS in axSpA 
patients with or without atherosclerotic plaques. (C) Lumbar mSASSS in axSpA patients with or without 
atherosclerotic plaques. (D) Number of syndesmophytes in axSpA patients with or without atherosclerotic 
plaques. (E) Number of bone bridges in axSpA patients with or without atherosclerotic plaques.
*p <0.05, ***p <0.001, ****p <0.0001
axSpA, axial spondyloarthritis; mSASSS, modified Stoke ankylosing spondylitis spinal score.

CV risk, independently of disease duration, age, 
and smoking habit.

First, we confirmed the presence of an increased 
estimated CV risk in axSpA patients, as has been 
demonstrated in several previous studies.29 Thus, 
smoking habits have been associated with poorer 
outcomes in terms of structural damage, treat-
ment response, and quality of life in SpA 
patients.30,31 Hypertension was found to be the 
most prevalent CV disease risk factor in SpA 
patients, particularly in Northern European 
countries, according to data from the COMOSPA 
study.32 Regarding NSAID consumption, most 
patients included in our study were taking 
NSAIDs. Recent studies have highlighted the 

connection between increased BMI and both 
axial and peripheral new bone formation and 
entheseal inflammation,33 although it has been 
proposed that obesity prevalence is higher in 
patients with peripheral forms of SpA.34 In addi-
tion, type 2 diabetes has also been linked to 
peripheral forms of SpA and psoriatic arthri-
tis.35,36 Another factor, atherogenic risk, has pre-
viously been reported to be higher in axSpA 
patients,37,38 and we observed that atherogenic 
risk was also increased significantly in our cohort 
of axSpA patients.

Second, the SCORE index is the tool recom-
mended by the 2016 European Society of 
Cardiology (ESC) guidelines on CV disease 
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prevention to estimate the individual’s absolute 
risk for fatal CV events.39 SCORE includes age, 
sex, lipid levels, smoking, and blood pressure, 
with age being the variable with the greatest influ-
ence. In our registry, we found that the SCORE 
levels were increased in axSpA patients when 
compared with those of age-matched HCs, 
although this difference did not reach statistical 
significance, which might be because SCORE 
could underestimate CV risk in SpA patients.40 
Despite this, when patients and controls were 
classified by low, moderate, high, and very high 
CV risk according to the SCORE levels, we 

observed that, among axSpA patients, 70.9% had 
a low CV risk, 18.4% had moderate CV risk, 
6.8% had high, and 3.9% had very high CV risk, 
which differed from the CV risk present in HCs, 
with 86.4% classified as having low CV risk and 
13.6% classified as having moderate CV risk.

In our study, structural damage was measured in 
terms of total, cervical, and lumbar mSASSS, 
which, to date, is the most validated and broadly 
used tool for measuring radiographic progression 
in r-axSpA because of its good correlation with 
indexes of disease signs and symptoms, spinal 

Table 2. Association between mSASSS and SCORE adjusting for age, smoking status, CRP, NSAIDs intake and disease duration.

Crude model 
 
 

Adjusted for age and 
smoking 
 

Adjusted for age, 
smoking and elevated 
CRP* 

Adjusted for age, 
smoking, elevated 
CRP* and NSAIDs 
intake

Adjusted for disease 
duration, smoking, 
elevated CRP* and 
NSAIDs intake

 β 
coefficient 
(95% CI)

p value β coefficient 
(95% CI)

p value β coefficient 
(95% CI)

p value β coefficient 
(95% CI)

p 
value

β coefficient 
(95% CI)

p value

Total 
mSASSS

0.27 
(0.18–0.36)

<0.001 0.11 
(0.03–0.20)

0.007 0.17 
(0.05–0.29)

0.009 0.16 
(0.03–0.28)

0.018 0.24 
(0.10–0.38)

0.001

Cervical 
mSASSS

0.53 
(0.35–0.70)

<0.001 0.24 
(0.08–0.39)

0.003 0.31 
(0.07–0.53)

0.012 0.29 
(0.05–0.53)

0.022 0.42 
(0.14–0.71)

0.006

Lumbar 
mSASSS

0.44 
(0.28–0.61)

<0.001 0.16 
(0.18–0.31)

0.030 0.25 
(0.06–0.45)

0.014 0.24 
(0.04–0.45)

0.024 0.39 
(0.16–0.61)

0.002

*Elevated CRP at more than 50% of the time-points during 5 years.
CI, confidence interval; CRP, C-reactive protein; mSASSS, modified Stoke ankylosing spondylitis spinal score; NSAIDs, non-steroidal anti-
inflammatory drugs.

Table 3. Association between mSASSS and atherosclerotic plaques adjusting for age, smoking status, CRP, NSAIDs intake and 
disease duration.

Crude model 
 
 

Adjusted for age and 
smoking 
 

Adjusted for age, 
smoking and elevated 
CRP* 

Adjusted for age, 
smoking, elevated 
CRP* and NSAIDs 
intake

Adjusted for disease 
duration, smoking, 
elevated CRP* and 
NSAIDs intake

 OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

Total 
mSASSS

1.07 
(1.04–1.11)

<0.001 1.04 
(1.01–1.08)

0.019 1.05 
(0.99–1.11)

0.076 1.05  
(0.99–1.12)

0.096 1.05 
(1.01–1.12)

0.034

Cervical 
mSASSS

1.13 
(1.07–1.20)

<0.001 1.08 
(1.02–1.56)

0.019 1.07 
(0.98–1.17)

0.128 1.06  
(0.98–1.16)

0.155 1.09 
(1.00–1.19)

0.042

Lumbar 
mSASSS

1.11 
(1.06–1.18)

<0.001 1.07 
(1.01–1.14)

0.036 1.09 
(1.00–1.21)

0.062 1.09  
(0.99–1.22)

0.070 1.10 
(1.01–1.22)

0.037

*Elevated CRP at more than 50% of the time-points during 5 years.
CI, confidence interval; CRP, C-reactive protein; mSASSS, modified Stoke ankylosing spondylitis spinal score; NSAIDs, non-steroidal anti-
inflammatory drugs.
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mobility, and physical function.24 The presence 
of syndesmophytes and bone bridges, which are 
the most relevant structural changes in r-axSpA 
according to numerous studies,14 was also evalu-
ated. Thus, characteristics closely related to CV 
risk, such as SCORE levels, presence of athero-
sclerotic plaques, and right and left cIMT levels, 
were found to be associated with mSASSS and 
the presence of syndesmophytes and bone 
bridges, implying an association between radio-
graphic damage and CV risk. In this sense, Kang 

and colleagues found an association between 
radiographic progression in the spine and a high 
estimated 10-year CV disease risk measured by 
Framingham risk score.41

Importantly, Rueda Gotor et  al. demonstrated 
that the SCORE underestimates the real CV risk 
of patients with axSpA, and proposed the use of 
additional tools, such as carotid ultrasound, to 
improve the identification of axSpA patients at 
high risk of developing CV disease.42–44 In this 

Figure 3. Cluster analysis recognizes two different phenotypes of axSpA patients according to their 
cardiovascular risk burden in terms of presence of carotid plaques and right and left cIMT levels. (A) Levels of 
right cIMT in cluster 1 and cluster 2. (B) Levels of left cIMT in cluster 1 and cluster 2. (C) Presence/absence of 
atherosclerotic plaques in cluster 1 and cluster 2. (D) Cluster analysis including presence of carotid plaques 
and right and left cIMT levels as variables distinguished two different phenotypes of patients with different 
cardiometabolic risk factors prevalence.
****p <0.0001.
Apo A, apolipoprotein A; Apo B, apolipoprotein B; axSpA, axial spondyloarthritis; cIMT, carotid intima media thickness.
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context, we decided to perform cluster analysis 
including the presence of carotid plaques and 
right and left cIMT levels as variables. 
Interestingly, our cluster analysis based on the 

presence of carotid plaques and right and left 
cIMT levels allowed us to distinguish two differ-
ent phenotypes of patients according to their CV 
risk factor prevalence, and these two different 

Figure 4. SCORE and structural damage in clusters recognizing two different phenotypes of axSpA patients 
according to the subclinical cardiovascular risk: atherosclerosis. (A) SCORE in cluster 1 and cluster 2. (B) Total 
mSASSS in cluster 1 and cluster 2. (C) Cervical mSASSS in cluster 1 and cluster 2. (D) Lumbar mSASSS in cluster 
1 and cluster 2. (E) Number of bone bridges in cluster 1 and cluster 2. (F) Correlation between SCORE and right 
cIMT in cluster 1 and cluster 2. (G) Correlation between SCORE and total mSASSS in cluster 1 and cluster 2.
***p < 0.001, ****p < 0.0001.
axSpA, axial spondyloarthritis; cIMT, carotid intima media thickness; mSASSS, modified Stoke ankylosing spondylitis spinal 
score.
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groups were adjusted for age. In the first cluster, 
with a higher number of atherosclerotic plaques 
and thicker carotid intima media, there was an 
increased prevalence of smoking, obesity, athero-
genic index, insulin resistance and type 2 diabe-
tes, with significantly increased levels of SCORE, 
but, surprisingly, this cluster also showed signifi-
cantly augmented levels of total, cervical, and 
lumbar mSASSS, and an increased presence of 
bone bridges with a higher grade of left and right 
sacroiliitis.

A study by Eriksson et  al. compared the preva-
lence of CV events in rheumatoid arthritis (RA) 
and axSpA patients, and found that the risk was 
similar for stroke, but axSpA patients had a lower 
risk for thrombotic events and acute coronary 
syndromes.45 While in RA the increased CV risk 
and its association with the inflammatory burden 
are well described,46–48 few studies have evaluated 
this association in axSpA. In our study, persistent 
inflammation was defined in case of abnormal 
CRP levels in >50% of the determinations during 
the last 5 years. We found that axSpA with persis-
tent inflammation displayed increased right and 
left cIMT and a higher number of syndesmo-
phytes, which points to CRP as a link between 
increased CV risk and structural damage in these 
patients.

The role of CRP in structural damage in axSpA 
patients has already been defined, meaning 
that axial radiographic progression is a result of 
chronic inflammation in axSpA patients,49–51 
and our study not only supports this fact but 
also highlights inflammation as a more impor-
tant link between the radiographic damage and 
CV risk than age. Indeed, in the relationship 
between structural damage and CV risk, there 
are four major confounding factors: age,12 smok-
ing habit,30 CRP levels, NSAIDs intake, and 
disease duration. These variables directly influ-
ence both structural damage and CV risk. 
Therefore, when assessing the relationship 
between structural damage and CV risk, these 
variables should be taken into account, as we 
have done in our study, finding an independent 
association between total mSASSS and SCORE, 
and between total mSASSS and atherosclerotic 
plaques. Besides, mSASSS might be considered 
as a marker of the previous inflammatory bur-
den, apart from the CRP levels from the begin-
ning of the disease (and not only in the most 
recent 5 years) that would also explain the asso-
ciation with CV risk.

Regarding the potential role of NSAIDs in ather-
osclerosis, the metabolism of arachidonic acid is 
implicated in the pathophysiology of CV ischemic 
diseases, and special attention has been paid to 
the pathway catalyzed by cyclooxygenase, which 
leads to the production of prostanoids. NSAIDs 
are first line treatment in axSpA, and use of 
COX-2 inhibitors (COXIBS) has revealed an 
increase in the incidence of CV events, especially 
myocardial infarction, since the balance between 
proinflammatory and anti-inflammatory prosta-
glandins isomerases seems to be an important 
determinant of the role of COX-2 in plaque 
stability.52

Even though r-axSpA patients with greater struc-
tural damage, and, as a consequence, higher 
mSASSS may be those who take more NSAIDs 
and therefore they could show a higher CV risk 
and experience more CV events, some studies 
performed in patients with inflammatory rheu-
matic diseases have found that the long-term use 
of some anti-inflammatory drugs could help to 
decrease the CV risk related to the persistent 
inflammation situation in these patients. In addi-
tion, COXIBs were not associated with an 
increased risk for vascular mortality. Several stud-
ies in patients with RA have showed a reduction 
in vascular mortality with NSAID use.53 Several 
anti-inflammatory treatments have been pro-
posed as potential therapeutic strategies for ath-
erosclerosis by reducing the overall vascular risk 
imposed by inflammation. Furthermore, treat-
ment of the underlying inflammatory process 
could contribute to improving CV risk in patients 
with inflammatory rheumatic diseases.54 Actually, 
in this study, we present results of patients with 
absence of CV events even though most of them 
were taking NSAIDs permanently. Currently, 
answering how treatment with NSAIDs affects 
the CV risk in patients with rheumatic inflamma-
tory diseases, in particular r-axSpA, and if these 
should be treated with NSAIDs continuously or 
intermittently from a CV point of view is a sig-
nificant requirement.8 In SpA, the impact of 
anti-inflammatory treatments on CV events or 
mortality has been assessed only rarely.55

Among the limitations of this study, the cross-
sectional design does not allow us to find a causal 
relationship between structural damage and CV 
risk. Actually, the association between the 
mSASSS and CV risk has been identified using a 
surrogate variable, the SCORE index. However, 
in this analysis, we did not evaluate CV events 
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since we excluded patients with such occurrences. 
To better understand the association of structural 
damage with CV risk assessed in terms of CV 
events, and the underlying mechanisms involving 
the association between radiographic structural 
damage in the spine and sacroiliac joints, the 
increased CV risk and persistent inflammation, 
and the influence of treatments, longitudinal 
studies with prospective follow up are required.

Despite the limitations, the strengths of this study 
include that all the analyses were adjusted for age 
and a large number of patients were included. 
Moreover, the association between CV risk and 
structural damage has been adjusted for age, 
tobacco, inflammation, and disease duration, 
which are confounding factors biologically associ-
ated with both SCORE and mSASSS.

In summary, for the first time, our results support 
the association of structural damage and pre-
dicted CV risk in patients with axSpA indepen-
dently of age, tobacco, inflammation, and disease 
duration. Further prospective studies are needed 
in order to better elucidate this relationship 
between CV risk and structural damage.
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